Objective-To describe the survival of a population based cohort of patients with incident (new) heart failure and the clinical features associated with mortality. Design-A population based observational study. Setting-Population of 151 000 served by 82 general practitioners in west London. Patients-New cases of heart failure were identified by daily surveillance of acute hospital admissions to the local district general hospital, and by general practitioner referral of all suspected new cases of heart failure to a rapid access clinic. Interventions-All patients with suspected heart failure underwent clinical assessment, and chest radiography, ECG, and echocardiogram were performed. A panel of three cardiologists reviewed all the data and determined whether the definition of heart failure had been met. Patients were subsequently managed by the general practitioner in consultation with the local cardiologist or admitting physician. Main outcome measures-Death, overall and from cardiovascular causes. Results-There were 90 deaths (83 cardiovascular deaths) in the cohort of 220 patients with incident heart failure over a median follow up of 16 months. Survival was 81% at one month, 75% at three months, 70% at six months, 62% at 12 months, and 57% at 18 months. Lower systolic blood pressure, higher serum creatinine concentration, and greater extent of crackles on auscultation of the lungs were independently predictive of cardiovascular mortality (all p < 0.001). Conclusions-In patients with new heart failure, mortality is high in the first few weeks after diagnosis. Simple clinical features can identify a group of patients at especially high risk of death. (Heart 2000;83:505-510) 
The prognosis of patients with a new diagnosis of heart failure in the United Kingdom is not known. Most of the published reports on the survival of patients with heart failure are based on randomised clinical trials of pharmacological treatment with agents such as angiotensin converting enzyme (ACE) inhibitors.
1 2 The survival of such patients may not reflect the true picture for the generality of patients with heart failure because of the highly selected nature of patients entering clinical trials. Few reports have been published from population based studies. In Europe, data are limited to those from the study of men born in 1913, 3 with a reported survival of 74% at five years.In the USA, the survival of incident (new) cases of heart failure identified during thelast 40 years of follow up of the Framingham heart study cohort has been reported as 57% at one year and 25% at five years in men and64% at one year and 38% at five years in women. 4 There is controversy concerning which clinical factors identify patients at especially high risk of death. Most previous reports are based on data from randomised clinicaltrials, 5 or from series of patients who survive for two years or more but remain severely symptomatic and are assessed for cardiac trans-plantation. 6 7 The Hillingdon heart failure study was set up to determine the incidence and aetiology of heart failure within a general population. Over a 20 month period, 220 incident (new) cases of heart failure were identified from a population of 151 000 individuals. Follow up of this cohort has provided an opportunity to describe the contemporary survival of this unselected group of patients with a new diagnosis of heart failure, and also to describe the associations between clinical features at presentation and survival.
Methods
The method of case identification has been described previously, 8 but is summarised below.
STUDY POPULATION AND IDENTIFICATION OF

CASES
The study population was that registered with 31 general practices (82 general practitioners) within the southern half of Hillingdon district in west London. The total study population was 151 000 as of February 1996 (the midpoint of the period of identification of cases which ran from April 1995 to December 1996). The general practitioners agreed to refer all suspected cases of new heart failure to a rapid access clinic held at Hillingdon Hospital. Patients who were acutely ill were sent directly to the accident and emergency department of Hillingdon Hospital in the usual way and were identified by daily surveillance of all hospital admissions by a research nurse. From an audit of practice notes, it was estimated that 90% of new heart failure cases had been successfully identified in the study. 8 A cardiologist (MRC or VS) took a standardised medical history and examined all the patients except those who died rapidly after hospital admission. In such cases, the clinical findings of the admitting doctors were noted. Whenever possible an ECG, chest radiograph, transthoracic echocardiogram, serum biochemistry, haematology, and thyroid function tests were performed. The echocardiogram was done to a standard protocol and according to accepted guidelines 9 10 by either one cardiologist (MRC) or one of two experienced cardiac technicians. The cross sectional, M mode, Doppler, and colour flow images were recorded on videotape for subsequent analysis. Of the 220 new cases of heart failure identified, 217 (99%) had an ECG, 216 (98%) a chest radiograph, and 201 (91%) an echocardiogram.
Approval for the study was granted by the local health authority ethics committee.
CASE DEFINITION
There is no gold standard for the diagnosis of heart failure, and there has been much variation in the diagnostic criteria used in previous studies. 11 We adopted the criteria recommended by the working group on heart failure of the European Society of Cardiology. 12 To meet the case definition of heart failure, patients had to have appropriate symptoms (shortness of breath or fatigue) with clinical signs of fluid retention (pulmonary or peripheral) in the presence of an underlying abnormality of cardiac structure or function. If an element of doubt remained, a beneficial response to treatment for heart failure (for example, a brisk diuresis accompanied by substantial improvement in breathlessness) was taken to confirm the diagnosis. All data collected were presented to a panel of three cardiologists (AC, GCS, and DAW) who determined on the basis of a majority decision whether the case definition had been met, and the aetiology. 8 An underlying abnormality of cardiac structure or function was necessary to confirm a case of heart failure, but echocardiographic abnormalities were not suYcient in themselves to diagnose heart failure-patients had to satisfy the full case definition. The panel decision regarding whether the case definition had been met had good reproducibility (Cohen's = 0.67), as did the allocation of aetiology (Cohen's = 0.63).
Patients' hospital and general practitioner notes were checked to ensure that only those without a previous history of heart failure were included in the study. If a patient had been assessed at another hospital in the past, the physician in charge of the patient's care at that hospital was contacted for details of the consultation and investigations performed.
ALLOCATION OF AETIOLOGY
Coronary artery disease was considered to be the primary cause if the patient had a documented history of myocardial infarction (acute or in the past), unstable angina pectoris, a history of stable angina supported by evidence of reversible myocardial ischaemia, or coronary artery disease confirmed at coronary angiography. Coronary angiography was performed at the discretion of the physician caring For continuous variables the numbers refer to median (interquartile range); for categorical variables the numbers refer to the number of cases (and percentage of the total cases for which the value of this variable is known). BP, blood pressure; LV, left ventricular; NYHA, New York Heart Association; A-P, anterioposterior; P-A, posterioanterior.
for the patient. Hypertension was considered to be the cause if there was a history of hypertension from the general practice records or sustained hypertension (blood pressure greater than 160/95 mm Hg) during hospital admission, and there was no documented history of myocardial infarction or angina, and no evidence of other cardiac pathology. The presence and severity of underlying valve heart disease was assessed from the history, clinical examination, and echocardiographic findings.
FOLLOW UP
Date of death and certified cause of death 13 were identified by flagging each patient's record at the NHS Central Registry using their NHS number. Follow up for death was complete for all 220 cases to June 1997.
DATA ANALYSIS Survival was estimated using the method of Kaplan-Meier. The standardised mortality ratio (SMR) for cardiovascular death was calculated by dividing the number of observed deaths from cardiovascular causes by the number of deaths expected if the appropriate national age and sex specific death rates were applied. 14 The associations between clinical and investigative features and observed cardiovascular mortality were examined by Cox proportional hazards modelling, using the strategy recommended by Collett. 15 All of the covariates associated with survival in the Cox univariate regression with p < 0.15 were initially entered into the model, and discarded one by one if they did not significantly (p < 0.05) improve the fit of the model. Those who died of non-cardiovascular causes were censored at the time of death. Two tailed tests of significance are reported. Table 1 gives the basic features of the cases identified. During the study period, 220 new cases of heart failure were identified within the study population (118 male, 102 female; age range 29 to 95 years); 180 cases were identified from surveillance of admissions to the local hospital and the remaining 40 from 157 referrals to the rapid access clinic. The single most common cause was coronary heart disease (79 cases (36%)). The majority of cases were symptomatic at rest or on mild exertion (New York Heart Association functional class IV and III, respectively). A past history of cardiovascular disease was common and almost three quarters reported smoking at some time in their life. The physical examination, chest radiography, and echocardiographic features Months from identification Cumulative survival (%) 21 were as would be expected in patients with heart failure. Almost 40% were not in sinus rhythm at presentation, and almost a quarter had ECG evidence of previous infarction (pathological Q wave).
Results
SURVIVAL
Of the 220 patients included in the study, 90 died before the end of the follow up period, the mean follow up being 16 months (range 6-26 months). The majority of deaths were related to cardiovascular disease (83 (92%)). Figure 1 depicts the survival curve for this cohort of patients. The survival was 81% at one month, 75% at three months, 70% at six months, 62% at 12 months, and 57% at 18 months ( increasing age, functional class, extent of lung crackles on auscultation, increasing cardiothoracic ratio and degree of pulmonary congestion on chest radiograph, higher serum urea or creatinine, lower serum sodium, lower blood pressure, and sinus rhythm as opposed to atrial fibrillation. There was weak evidence that the prognosis was worse if the aetiology was coronary artery disease compared with other causes (p = 0.11), but this issue needs to be addressed in a larger cohort of heart failure cases. There was no evidence that sex or overall left ventricular systolic function (as assessed qualitatively or by fractional shortening) was associated with survival. Many of the clinical features are closely related. On multivariate Cox modelling only four features were found to be independently associated with death: age, blood pressure, serum creatinine concentration, and the extent of lung crackles on auscultation (table 4) .
Discussion
SURVIVAL FROM HEART FAILURE
The survival of incident (new) cases of heart failure identified in this study is poor: more than a third of patients had died within 12 months of the diagnosis. This is considerably worse than the prognosis reported from recent drug trials recruiting patients with mild to moderate symptoms. The SOLVD study (studies of left ventricular dysfunction) reported mortality at only 12% at one year in the active treatment arm. 16 In a recently published trial of blockade in patients with heart failure the mortality in the group not given bisoprolol was only 13% at one year. 17 There are several possible explanations for such a discrepancy. First, clinical trials tend to recruit a select group of patients with a better prognosis than the generality of patients with heart failure. The typical average age of patients in a drug trial for heart failure is 60 years, compared with around 75 years for the generality of patients with heart failure. 4 11 Most trials also require that a patient has had stable heart failure for some months before recruitment; the average duration of heart failure for many patients entering clinical trials is two or three years. Such patients are "natural survivors" in the sense that they have survived the early high risk period. Heart failure is often associated with considerable comorbidity, but such patients are also unlikely to be recruited to clinical trials. These biases will make the prognosis of heart failure appear better in clinical trials than it actually is for most patients. Second, the case definition employed in this study was for clinical heart failure, requiring firm evidence of appropriate symptoms, underlying cardiac dysfunction, and fluid retention. This may be reflected in a worse prognosis than if a less strict definition was employed.
Our results, however, are very similar to those reported from population based studies in the USA-the Framingham heart study, 4 the Rochester epidemiology project, 18 and the Olmsted County study. 19 These studies also identified incident cases of heart failure in the general population, but used a diagnostic system based on a heart failure "score" rather than a clinical definition as employed in this study. 11 The only European data with which our results can be compared come from a cohort of men born in Gothenburg and initially aged 50 years who were followed up for 17 years. 3 The case definition was much less stringent and led to a diagnosis of heart failure much more often than would be the case in clinical practice. 20 The five year survival (74%) was much better than found in this study or in the population based studies from the USA, but this is not surprising considering the loose case definition and the limited and younger age range of the individuals identified.
CLINICAL FEATURES ASSOCIATED WITH DEATH
Most of the published reports on the clinical features predicting a poor outcome in patients with heart failure have come from highly selected series of patients. Typically, series are limited to young patients who have been referred for cardiac transplant assessment or for the introduction of vasodilator treatment. Such patients have survived the initial onset of heart failure, but remain severely symptomatic despite pharmacological treatment at their local hospital. 6 7 21-30 These patients are unrepresentative of all patients with heart failure. Creatinine values were log transformed before entry into the model. *Hazard ratio for a doubling in serum creatinine concentration. CI, confidence interval; LRT, likelihood ratio test; SBP, systolic blood pressure.
Also, such patients tend to undergo investigations that are not readily available for patients with heart failure in routine clinical practice (for example, cardiac catheterisation, exercise testing with gas exchange analysis). The prognostic scoring systems derived from such data are unlikely to be applicable to the generality of patients with heart failure and have little use in clinical practice. In our present study four factors were found to be independently associated with cardiovascular mortality: age, serum creatinine concentration, systolic blood pressure, and the extent of crackles on auscultation of the lungs.
Mortality increased by 26% for every 10 year increase in age at onset of heart failure, even when allowing for other factors (table 4) . Although intuitively this might be expected, and other investigators have found it to be so, 22 31 32 there are reports suggesting the opposite 33 or no association at all. 24 Serum creatinine concentration has previously been reported to be associated with prognosis in a series of 203 patients referred for stabilisation of heart failure. 30 In that report, the serum sodium and urea concentrations were also associated with prognosis, as has been confirmed by others 27 and by the univariate analyses in our study. Patients with heart failure and a low serum sodium concentration or high urea and creatinine have a higher serum renin concentration, suggesting that serum creatinine may be taken as a marker of reduced cardiac output and renal perfusion and consequent activation of the renin-angiotensin axis. Such patients are likely to be clinically decompensated and to have high circulating concentrations of catecholamines and a limited ability to respond to situations or interventions that decrease cardiac output. 34 Similarly, a higher systemic arterial pressure has also been reported to be associated with better survival in patients with heart failure. 7 26 35 36 It is rather surprising that a single blood pressure measurement is so strongly associated with survival, but it may reflect cardiac function or, more probably, the ability of the circulatory system to generate adequate perfusion pressure despite a low cardiac output.
The extent of lung crackles at presentation was strongly related to subsequent prognosis. This is despite the fact that such crackles are poor markers of raised left ventricular filling pressures in chronic heart failure. 37 In this study no invasive measurements were made and thus it is impossible to determine whether this is also the case for incident heart failure. It is possible that the increase in lymphatic drainage found in the lungs in chronic heart failure has not had time to occur in patients whose symptoms have been present for a much shorter period of time. In such circumstances, the extent of lung crackles may be a better indicator of cardiac function. Some evidence for this is provided by the strong association found in this study between the extent of lung crackles and the degree of pulmonary congestion on a chest radiograph (Mantel-Haenszel test for linear association, p < 0.001).
The variables found in our study to be independently associated with survival presumably reflect the degree of underlying cardiac dysfunction. More direct measures of cardiac dysfunction such as measurement of cardiac output at rest (and on exercise) were not available. No association was found between left ventricular systolic function (as assessed on echocardiography either qualitatively or quantitatively by fractional shortening) and survival. The dimensions of the left ventricle were measurable on M mode echocardiography in 102 cases (46%). There was only weak evidence that the diameter of the left ventricle at end systole was associated with survival (table 3). Our inability to find an association between ventricular systolic function so assessed and prognosis may reflect a lack of statistical power because of small numbers, or the limited information on overall cardiac and circulatory function provided by such measurements. In this study, only new cases of heart failure were identified, and the chronic process of remodelling and ventricular dilatation may not have had time to occur. Previous reports, however, have not always shown an association between left ventricular systolic function as assessed by ejection fraction and survival in patients with heart failure. [38] [39] [40] CONFOUNDING BY TREATMENT After identification as a new case of heart failure in this study, patients were not managed according to a specific protocol. The management was determined by the admitting physician and subsequently by the general practitioner in consultation with the hospital physician. It is therefore possible that the association between the four clinical features in table 4 and survival could be explained by the confounding eVect of treatment prescribed. This would arise if the treatment had an eVect on survival and if the decision to prescribe the treatment was influenced by these clinical features. This is certainly a consideration for ACE inhibitors, which improve the prognosis of heart failure 1 16 and may be more likely to be prescribed in younger patients, those with a higher blood pressure, and those with less elevated serum creatinine concentration. In this study data were available on whether ACE inhibitors had been prescribed for 163 of the 179 patients surviving more than 30 days. Of these, 106 (65%) were prescribed an ACE inhibitor. ACE inhibitors were significantly less likely to be prescribed in older patients (p = 0.01) and in patients with a higher serum creatinine concentration (p = 0.06). Adding a "treatment with ACE inhibitor" variable to the Cox multivariate analysis did not, however, appreciably change the magnitude of association between survival and age, systolic blood pressure, serum creatinine, or the extent of lung crackles. It is therefore unlikely that the associations described in table 4 are caused by confounding from the prescription of ACE inhibitors.
